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GEOGRAPHIC VARIATION AND TAXONOMY OF THE 
NORTHERN WATERTHRUSH 

PIERRE MOLINA, 1 2 HENRI OUELLET, 1 - 3 AND RAYMOND MCNEIL 12 


ABSTRACT.—In this study we analyzed geographic variation in the Northern Waterthrush (Seiurus nave - 
boracensis) and reassessed the status of the four subspecies described between 1880 and 1948, three of which 
were recognized by the AOU Check-list (1957) and Godfrey (1986). We examined 490 specimens that came 
from throughout the breeding range of the Northern Waterthrush and used four morphometric data sets and three 
color variables to investigate geographic variation. Males differed from females based on morphometric char¬ 
acters. Males, unlike females, showed a morphometric trend with latitude and longitude. Their wing chord, tad 
and tarsus lengths showed a gradual decrease in length from north to south, while their tail and tarsus lengths 
gradually decreased eastward. The body shape showed a longitudinal trend where western specimens tended to 
have proportionally longer tails than wings compared to specimens from the eastern part of the range. Color 
was more strongly related to geography than morphometric characters and showed both longitudinal and lati¬ 
tudinal trends. Specimens from the southeastern part of the range were more olive dorsally and yellow ventrally 
and had fewer underpart markings than most specimens from the northwestern part of the range. Only the wing 
length permitted us to discriminate between the most distant populations. These trends are clinal and cannot 
support the recognition of subspecies. Received 5 July 1999, accepted 4 March 2000. 


The breeding range of the Northern Water¬ 
thrush ( Seiurus noveborcicensis ) extends along 
tree line from Alaska to Newfoundland and 
south to the northern part of the United States 
(Godfrey 1986, AOU 1998). Differences be¬ 
tween populations have been primarily based 
on color variation and, to a lesser extent, on 
morphometric distinctions. Ridgway (1880, 
1902) divided the species into two subspecies, 
S. n. notabilis, ranging from northwestern 
Alaska to western Quebec, and S. n. nove- 
boracensis, ranging from western Quebec to 
Newfoundland. The western form was similar 
to the eastern subspecies, but had a larger bill, 
whiter ventral coloration, and more grayish ol¬ 
ive dorsal coloration. McCabe and Miller 
(1933) proposed a third subspecies, S. n. lim- 
noeus, restricted to northwestern and central 
British Columbia that represented an inter¬ 
mediate form with a darker dorsal coloration, 
olivaceous black to dark grayish olive, and 
yellowish ventral coloration, paler than S. n. 
noveborcicensis but darker than S. n. notabilis. 
Its bill, wing, and tail lengths were smaller 
than those of the other subspecies but its tar¬ 
sus was similar to S. n. notabilis (McCabe and 
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Miller 1933). A fourth subspecies, S. n. uli- 
ginosus (Burleigh and Peters 1948), was de¬ 
scribed as olivaceous dorsally and yellowish 
ventrally with longer wing and tail than those 
of the other populations. Its breeding range 
was restricted to the islands of Newfoundland, 
Saint-Pierre, and Miquelon. The geographical 
distribution of the four subspecies on their 
breeding range, based on Burleigh and Peters 
(1948), AOU (1957), and Godfrey (1986) is 
given in Fig. 1. 

Eaton (1957) concluded that the Northern 
Waterthrush was monotypic and believed that 
geographic variation indicated only geograph¬ 
ic trends. Todd (1940) originally recognized 
the validity of the subspecies but later sup¬ 
ported Eaton’s conclusions (Todd 1963). No 
other studies have addressed the status of the 
Northern Waterthrush subspecies or geograph¬ 
ic variation within this species. 

Eaton’s (1957) and Todd’s (1963) papers 
appeared too late to be taken into account for 
the AOU (1957) Check-list, which continued 
the broad use of the subspecies recognized at 
that time (Gabrielson 1959, Godfrey 1986). 
The disagreement over the validity of subspe¬ 
cies in Seiurus noveboracensis (AOU 1957 vs 
Eaton 1957) led us to re-examine geographic 
variation in this species. Our goal was to re¬ 
view variation patterns and to assess the tax¬ 
onomic status of the known subspecies. Avail¬ 
ability of new specimens in museum collec- 
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FIG. 1. Breeding range of the four subspecies of the Northern Waterthrush (Burleigh and Peters 1948, AOU 
1957, Godfrey 1986). Dots correspond to the locations of the 490 specimens used in this study. 


tions and more sensitive statistical analyses 
provided the basis for our study. 

METHODS 

We examined 556 museum specimens, but data from 
only 490 (329 males and 161 females) were analyzed. 
To minimize variation caused by sex, age, or season, 
juveniles and birds with worn or broken feathers were 
excluded. Furthermore, only adults taken on the breed¬ 
ing range and during the breeding season (May 15 to 
July 31) were analyzed. We included samples from the 
entire breeding range (Fig. 1). 

Sex, age, date of collection, and locality were ob¬ 
tained from specimen labels. Buffy tipped tertials and/ 
or pointed rectrices were used to identify immature 
specimens. When no geographical coordinates were 
available from the labels, we obtained the information 
from the web sites of the Geographic Names Infor¬ 
mation System of the U.S. Geological Survey, U.S. 
Department of the Interior (http://www.nmd.usgs.gov/ 
www/gnis/gnisform.html) and Geomatics Canada, Nat¬ 
ural Resources Canada (http://Geonames.NRCan.gc. 
ca/english/cgndb.html). 

We measured four characters with dial calipers 
(±0.1 mm) on all specimens: (1) unflattened wing 
chord, from bend of wing to longest primary; (2) tail 
length, from point of insertion to tip of longest rectrix; 
(3) bill length from a nostril to tip; and (4) tarsus 
length. 


Plumage coloration was assessed under natural light 
on sunny days or under artificial overhead lighting. 
The colors of three areas were recorded: dorsal col¬ 
oration, ventral coloration, and underpart markings 
(breast streaks). Each area was divided into classes and 
was scored on that basis. The scoring of each color 
class was made by studying the 221 specimen that 
came from the Canadian Museum of Nature and by 
identifying the specimens that best represented the dif¬ 
ferent color trends of that sample. Those specimens 
were kept as standards when we assessed the color 
classes at other museums. The color classes were given 
the following numerical values: dorsal coloration: 1 for 
dark brown, 2 for olivaceous brown, and 3 for olive; 
the ventral coloration: 1 for white, 2 for yellowish, 3 
for yellow, and 4 for intense yellow; and the under¬ 
parts: 1 for few markings, 2 for intermediate amount, 
and 3 for densely marked. 

We tested sexual dimorphism for both morphometric 
and coloration variables with the Kruskal-Wallis test 
(Sokal and Rohlf 1981). 

Geographic variation .—We examined the relation¬ 
ships between morphometric and geographic variables 
using a principal component analysis (PCA; Jolicoeur 
and Mosimann 1960). The centered PCA performed 
on the covariance matrix was found to be the most 
efficient method. Principal component axis one (PCI) 
was interpreted as the size components and axis 2 
(PC2) was considered an indicator of body shape (Jol- 
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icoeur and Mosimann 1960, Yoccoz 1993). The size 
variable described the magnitude of a given character, 
whereas shape was estimated by the relationship be¬ 
tween two or more characters (e.g., the wing becoming 
larger when the tail shortens; Jolicoeur and Mosimann 
1960, Somers 1986). Because previous studies on the 
Northern Waterthrush used techniques that did not dif¬ 
ferentiate between size and shape (Ridgway 1902, 
McCabe and Miller 1933, Burleigh and Peters 1948), 
we used both components for analyzing geographic 
variation patterns. Regressions of PCA scores against 
latitude and longitude were made to analyze geograph¬ 
ic variation in size and shape. 

Color data were analyzed by multiple correspon¬ 
dence analysis (MCA). The multiple correspondence 
analysis of qualitative color variables is equivalent to 
normalized PCA of quantitative variables (Tenenhaus 
and Young 1985). As for the morphological analyses, 
regression of the components against latitude and lon¬ 
gitude was calculated and one-tailed tests of signifi¬ 
cance (F-test) were computed for regression coeffi¬ 
cients. 

Maps with isocontours were used to display geo¬ 
graphic variation over the breeding range. Calculations 
for PCA, MCA, and contour curves were made with 
the ADE-4 (1997) software, version 1997 for Windows 
95 (Chessel et al. 1996, Thioulouse et al. 1997). 

Size and color differences. —The specimens were 
separated into four groups based on the known breed¬ 
ing distribution of the four subspecies (Burleigh and 
Peters 1948, AOU 1957, Godfrey 1986; see Fig. 1). 
The Kruskal-Wallis test, done with Statistix (1996) 
version 1.0 for Windows 95, was used to indicate 
which of the described subspecies could be differen¬ 
tiated by the morphological and color variables. 

RESULTS 

Sexual dimorphism. —The four morphomet¬ 
ric measurements (wing: F = 107.86, 1 df, P 
< 0.001; tail: F = 66.34, 1 df, P < 0.001; 
bill: F = 45.34, 1 df, P < 0.001; tarsus: F = 
7.43, 1 df, P < 0.0066) showed a significant 
difference between sexes. In addition, females 
had dorsal color more olivaceous than males 
(F = 36.42, 1 df, P < 0.001). As a conse¬ 
quence, all subsequent analyses of size and 
color parameters were performed separately 
for each sex. 

Geographic variation. —Wing chord, tail 
and tarsus lengths of males were positively 
correlated with latitude, but bill length was 
negatively correlated (Fig. 2A-C, Table 1). 
Tarsus length and tail length were correlated 
with longitude, but not bill length or wing 
chord (Table 1). Tail length showed the stron¬ 
gest relationship with latitude (Table 1; Tail = 
49.422 + 0.069 X Lat.) and longitude (Table 
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FIG. 2. Isocontours for (A) wing chord, (B) tail 
and (C) bill lengths in male Northern Waterthrushes 
based on their breeding distribution. The legends on 
the right indicate the limit values between isocontour 
shades. 


1; Tail = 51.104 + 0.02 X Long.). No sig¬ 
nificant relationship was found for females be¬ 
tween morphometries and geographic loca¬ 
tion, except for tarsus, which was positively 
correlated with longitude (Table 1). 

The dorsal and ventral coloration of both 
sexes varied with latitude and longitude (Table 
1). In males, the yellowish coloration of the 
breast and the olivaceous color of the dorsal 
region both increased in the southeastern por¬ 
tion of the range. Females from the north¬ 
western parts of the range had heavier mark¬ 
ings on their undersides than those from the 
east (Table 1). 

Males showed significant relationships be¬ 
tween the size (PCI) component and both 
with latitude and longitude (Table 2). They 
showed similar relationships between the 
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TABLE 1. 
with longitude 


Coefficient of correlation ( r ) and P values from regression of morphometric and color variables 
and latitude in male and female Northern Waterthrushes. 


Latitude 


Longitude 


Males 3 

Females 3 

Males 3 

Females 3 

r P 

r P 

r P 

r P 


Morphometric variables 

Wing chord 

0.139 

0.01 

0.013 

>0.05 

0.023 

>0.05 

-0.122 

>0.05 

Tail length 

0.235 

<0.001 

-0.016 

>0.05 

0.281 

<0.001 

0.028 

>0.05 

Bill length 

-0.155 

0.005 

0.036 

>0.05 

-0.003 

>0.05 

0.122 

>0.05 

Tarsus length 

0.118 

0.031 

0.139 

>0.05 

0.172 

0.002 

0.203 

0.01 

Color variables 6 

Dorsal color 

-0.208 

<0.001 

-0.135 

>0.05 

-0.212 

<0.001 

-0.257 

0.001 

Ventral color 

-0.187 

<0.001 

-0.389 

<0.001 

-0.376 

<0.001 

-0.507 

<0.001 

Underpart markings 

-0.081 

>0.05 

0.231 

0.003 

0.013 

>0.05 

0.224 

0.004 


3 df = 327 for males, 159 for females. 

6 Numerical values of color classes: dorsal color: 1 for dark brown, 2 for olivaceous brown, and 3 for olive; ventral color: 1 for white, 2 for yellowish, 
3 for yellow, and 4 for intense yellow; underpart markings: 1 for few, 2 for intermediate amount, and 3 for densely marked. 


shape component (PC2) with longitude, but 
not with latitude. Such relationships were 
lacking for females. The large percentage of 
variance (64.6%) explained for male measure¬ 
ments by PCI and the positive loadings of all 
the morphological variables (Table 3) clearly 
indicate that the PCI axis is a size or feather 
length vector. Furthermore, 96.5% (50.0% + 
46.5%; Table 3) of the total variance from the 
first principal component is represented by the 
tail and wing measurements, body size indi¬ 
cators in birds (James 1970, Brumfield and 
Remsen 1996). The first principal component 
demonstrates a significant latitudinal and lon¬ 
gitudinal trend where northwestern male spec¬ 
imens were the largest, mid-continental ones 
the smallest, and eastern coastal specimens in¬ 
termediate (Fig. 3A). The second principal 
component, the shape component, was related 
to a bipolar (inverse) relationship between 
wing and tail that explained 92.3% (44.6% + 
47.7%) of total variance for males from that 


second principal axis (Table 3). As shown in 
Fig. 3B, PC2 was correlated with longitude (r 
= 0.247, 327 df, P < 0.005; Table 2) where 
western specimens had proportionally longer 
tails and shorter wings when compared to 
eastern specimens. 

The results of the multivariate analysis of 
color demonstrate geographic trends more 
clearly than body size (Table 2). When com¬ 
paring both sexes, we observed similar pat¬ 
terns in dorsal and ventral coloration (Table 
4). The geographic trend (Fig. 4A, B) was that 
western specimens were lighter ventrally and 
more gray dorsally than the most eastern 
birds, which were more yellow ventrally and 
more olivaceous dorsally. In addition, the 
amount of underpart markings in females de¬ 
creased from east to west while the ventral 
and dorsal color patterns became more satu¬ 
rated. The underpart markings of males dis¬ 
played no clear geographic pattern, with only 


TABLE 2. Coefficient of correlation (r) and P values from regression of principal component analysis and 
multiple correspondence analysis characters scores of Northern Waterthrushes against longitude and latitude. 





Latitude 




Longitude 



Males 3 


Females 3 


Males 11 


Females 3 


r 

P 

r 

P 

r 

P 

r 

P 

PCI 

0.220 

<0.001 

0.029 

>0.05 

0.174 

<0.002 

0.077 

>0.05 

PC 2 

0.095 

>0.05 

0.029 

>0.05 

0.247 

<0.001 

0.027 

>0.05 

MCI 

0.251 

<0.001 

0.384 

<0.001 

0.280 

<0.001 

0.482 

<0.001 


a df = 327 for males. 159 for females. 
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TABLE 3. Principal component analysis character scores from morphometric variables in male and female 
Northern Waterthrushes. 



PCI 



PC2 


Males 

Females 

Males 

Females 

Scores 

Row 

inertia® 

Scores 

Row 

inertia® 

Scores 

Row 

inertia 3 

Scores 

Row 

inertia 3 

Wing cord 

1.879 

50.0 

2.128 

49.2 

-1.127 

-44.6 

-1.239 

-46.1 

Tail length 

1.747 

46.5 

2.026 

46.9 

1.205 

47.7 

1.295 

48.2 

Bill length 

0.059 

1.6 

0.088 

2.0 

0.084 

3.3 

0.090 

3.4 

Tarsus length 

0.073 

1.9 

0.080 

1.9 

0.110 

4.3 

0.061 

2.3 

Variance explained (%) 


64.6 


69.1 


26.9 


25.8 


a The row inertia gives the percentage of each individual variable contributing to the total variance of a principal axis. 


8.9% of the variance from that variable ex¬ 
plained by the first axis (Table 4). 

Size tendencies and described subspe¬ 
cies. —Differences in male wing length 
(means ± 95% confidence intervals) allowed 


the separation of S. n. uliginosus from S. n. 
notabilis and S. n. limnaeus ( F = 6.47, 3 df, 
P = 0.004. Seiurus n. uliginosus had the lon¬ 
gest wing (76.8 ± 0.6) compared to S. n. no¬ 
tabilis (75.6 ± 0.3) and S. n. limnaeus (74.0 


A) PCI:O’ morphometric characters 



B) PC2: O’ morphometric characters 



FIG. 3. Isocontours from principal component analysis (PCI for size and PC2 for shape) of male morpho¬ 
metric characters in Northern Waterthrushes. Histograms represent the relative contribution of each individual 
variable to the total variance of a principal axis (see Table 3). The legends on the right indicate the limit values 
between isocontour shades. 
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TABLE 4. Multiple correspondence analysis of character scores from the first 
in male and female Northern Waterthrushes. 

axis of color measurements 


Males 


Females 

Color classes 3 

Scores Correlation ratio b 

Scores 

Correlation ratio b 

Dorsal coloration 

66.3 


41.8 

Dark brown (1) 

0.756 

0.453 


Olivaceous brown (2) 

0.343 

0.713 


Olive (3) 

-1.340 

-0.623 


Ventral coloration 

60.5 


59.9 

White (1) 

1.871 

-0.491 c 


Yellowish (2) 

0.571 

0.738 


Yellow (3) 

-0.384 

-0.838 


Intense yellow (4) 

-3.082 

-0.706 


Underpart markings 

8.9 


41.7 

Few markings (1) 

-0.240 

-1.889 


Intermediate (2) 

0.187 

0.039 


Densely marked (3) 

-0.582 

0.777 


Percentage of variance explained 

19.4 


20.5 


a In parentheses: numerical values given to each color class. 

b The correlation ratio indicates the percentage of variance coming from the modalities of a variable explaining a multiple component axis. 
c This value was omitted from the discussion because of its small sample size; 4 specimens out of 161 females represent the modality number one in 
the ventral color. 


± 1.0). The same was true for females (F = 
5.00, 3 df, P = 0.026), S. n. uliginosus had a 
longer wing (74.7 ± 0.9) than S. n. notabilis 
(73.3 ± 0.5) and S. n. lirnnaeus (71.3 ± 0.8). 
The difference in female wing length between 
S. n. uliginosus and S. n. noveboracensis (73.1 
± 0.8) was not significant. 

In males, tarsus length allowed the discrim¬ 
ination of S. n. notabilis from both S. n. nove¬ 
boracensis and S. n. uliginosus (F = 6.30, 3 
df, P < 0.001). In this case, the tarsus was 
smaller in the easternmost subspecies, S. n. 
noveboracensis (20.35 ± 0.18) and S. n. uli¬ 
ginosus (20.26 ± 0.25) than in S. n. notabilis 
(20.66 ± 0.10). The difference in bill length 
between S. n. notabilis and S. n. uliginosus 
was not significant, although nearly so (F = 
2.52, 3 df, P = 0.0571). S. n. notabilis had a 
longer tail than S. n. noveboracensis (F = 
3.35, 3 df, P = 0.0193). 

Color tendencies and subspecies. —In both 
sexes, S. n. notabilis differed from S. n. uli¬ 
ginosus by its dorsal (males: F = 13.75, 3 df, 
P < 0.001; females: F = 11.5, 3 df, P < 
0.001) and ventral coloration (males: F = 
29.42, 3 df, P < 0.001; females: F = 23.70, 
3 df, P < 0.001). It also varied from S. n. 
noveboracensis by the dorsal coloration in 
males (F = 13.75, 3 df, P < 0.001) and the 
ventral coloration in both sexes (males: F = 


29.42, 3 df, F < 0.001; females: F = 23.70, 
3 df, P < 0.001). Finally, S. n. uliginosus dif¬ 
fered from S. n. lirnnaeus by the ventral col¬ 
oration in males (F — 29.42, 3 df, P < 0.001) 
and by the dorsal coloration in both sexes 
(males: F = 13.75, 3 df, P < 0.001; females: 
F = 11.5, 3 df, P < 0.001). The eastern pop¬ 
ulations, S. n. uliginosus and S. n. novebora¬ 
censis, were generally more olive dorsally and 
more yellow ventrally than the western pop¬ 
ulations. Ventrally, 82% (74% + 8%) of S. n. 
uliginosus and 74% of S. n. noveboracensis 
were from the yellowest categories whereas 
only 28% of S. n. notabilis and 39% of S. n. 
lirnnaeus were from the same categories (Ta¬ 
ble 5). Dorsally the differences were smaller 
but 29% of S. n. uliginosus and 44% of S. n. 
noveboracensis were from the most olive cat¬ 
egory whereas only 23% of S. n. notabilis and 
6% of S. n. lirnnaeus of the westernmost pop¬ 
ulations were from the same category. 

DISCUSSION 

Our data clearly indicate that adult males 
are larger than adult females and that size di¬ 
morphism, very strong in the wing, tail, and 
bill, is greater than previously reported (Ridg- 
way 1902, Eaton 1957, Godfrey 1986, Eaton 
1995). The greater size dimorphism could be 
explained by the exclusion of juveniles from 
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FIG. 4. Isocontours from multiple correspondence analysis (MCI) of male (A) and female (B) Northern 
Waterthrushes. Histograms represent the relative contribution of each color class category to the total variance 
of a principal axis. Dorsal color: 1 = dark brown, 2 = olivaceous brown, 3 = olive: ventral color: 1 = white, 
2 = yellowish, 3 = yellow, 4 = intense yellow: underpart markings: 1 = few, 2 = intermediate amount, 3 = 
densely marked. The legends on the right indicate the limit values between isoeontour shades. 
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TABLE 5. Percentage of specimens from each color class clustered by subspecies. 


Subspecies 


Dorsal coloration 



Ventral coloration 


Dark 

brown 

Olivaceous 

brown 

Olive 

White 

Yellowish 

Yellow 

Intense 

yellow 

S. n. uliginosus 

0% 

71% 

29% 

0% 

18% 

74% 

8% 

S. n. noveboracensis 

n% 

45% 

44% 

0% 

26% 

65% 

9% 

S. n. notabilis 

28% 

49% 

23% 

3% 

69% 

27% 

1% 

S. n. limnaeus 

22% 

72% 

6% 

0% 

61% 

39% 

0% 


our data, an accurate identification of sexes in 
the process of preparing the specimens, and 
the use of specimens captured only during the 
breeding season. 

Only males showed geographic variation in 
size (Table 1). When describing the subspe¬ 
cies of Seiurus noveboracensis, Ridgway 
(1902), McCabe and Miller (1933), and Bur¬ 
leigh and Peters (1948) discussed both sexes, 
but in reality, their samples contained mainly 
males because females were not available in 
any significant number in collections at the 
time (25 females were used by McCabe and 
Miller and 8 females were used by Burleigh 
and Peters). In our case, the absence of sig¬ 
nificant morphometric geographic variation in 
females (Table 1), in spite of our large sample 
size (161 females), is surprising. 

In agreement with James’ (1970) observa¬ 
tions on the patterns of geographic size vari¬ 
ation in birds in the eastern and central United 
States, size in males gradually increased 
northward, which is consistent with “Berg- 
mann’s Rule”, and westward. There was no 
clear geographic grouping of specimens based 
on size but instead, a complex cline. This 
cline illustrates that the most northwesterly 
specimens were the largest and that wing and 
tail lengths decreased gradually eastward 
(Figs. 2A, B, 3A) with the smaller individuals 
in the center of the continent. We also noted 
another increase in size from the Great Lakes 
towards the east coast. 

The trend in bill size is the opposite. Eaton 
(1957) related the trend to Allen’s Rule, which 
states that animals living in warmer climates 
have longer extremities. Earlier, Ridgway 
(1902) reported that bills in the southwestern 
portion of the range were longer than those 
from eastern populations. However, McCabe 
and Miller (1933) found that bills from the 
southwestern populations were shorter. 

Body shape (Fig. 3B) exhibits a more con¬ 


sistent clinal variation than size (Fig. 3A). The 
shape principal component is a tail/wing re¬ 
lationship. Western specimens tend to have 
proportionally longer tails than wings when 
compared with specimens coming from the 
eastern part of the range. The tail/wing ratio 
is lowest on Newfoundland, in southeastern 
Quebec, and in New Brunswick. This may ex¬ 
plain why Ridgway (1902) and Burleigh and 
Peters (1948) observed so much difference be¬ 
tween western and eastern birds. The absence 
of sudden breaks in shape variation (Fig. 3B) 
indicates that this trend, as well as size vari¬ 
ation, is clinal. Such trends appear to be as¬ 
sociated with environmental components such 
as climate (James 1970, Aldrich and James 
1991, Bronner 1996). 

Our findings are consistent with Eaton’s 
(1957) with regard to dorsal and ventral color 
variation. Specimens from eastern states (West 
Virginia, Ohio, Pennsylvania, Maryland, Del¬ 
aware, New Jersey, New York, Connecticut, 
Rhode Island, Massachusetts, New Hamp¬ 
shire, Vermont, and Maine) are more yellow 
ventrally and more olivaceous dorsally. The 
strong association between the two characters 
suggests that a “yellow coloration” is in¬ 
volved here. In females, the increase in yellow 
is accompanied by a significant decrease of 
the markings on the breast (Table 4). The ap¬ 
parent cluster of specimens having more yel¬ 
low does not correspond to any subspecies 
distribution. It is tempting to attribute yellow 
color to S. n. uliginosus because this form rep¬ 
resents the typical easternmost birds. 

Du Mont (1930) stressed the difficulty in 
distinguishing between S. n. noveboracensis 
and S. n. notabilis in the Mississippi Valley. 
Cory (1909) proposed the Mississippi Valley 
as the border between S. n. noveboracensis 
and S. n. notabilis. This region seems to co¬ 
incide with an intermediate zone of wing 
length for males (Fig. 2A), size variation con- 
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tained in PCI (Fig. 3A), and color patterns 
(Fig. 4A, B) in both sexes. However, this re¬ 
gion is not a border but a section of a complex 
cline (Figs. 2A, 3A). Furthermore, because the 
differences between the groups are slight and 
difficult to interpret, McCabe and Miller 
(1933:196) concluded “either three subspecif¬ 
ic names or none should be employed to sug¬ 
gest conditions known to exist”. Taverner 
(1938) found the distinctions between S. n. 
noveboracensis and S. n. notabilis were so 
fine that they could be disregarded. 

Our study does not support the existence of 
morphologically distinct populations in the 
Northern Waterthrush. Although S. n. uligi- 
nosus and S. n. limnaeus can be differentiated 
on the basis of wing measurements alone, the 
geographic variation in the other size vari¬ 
ables shows too much overlap to confirm the 
validity of the previously described subspe¬ 
cies. There is an interesting variation in body 
shape (Fig. 3B), but it is mainly clinal; the 
western specimens have proportionally longer 
tails and shorter wings than eastern ones. A 
similar cline is also observed in color varia¬ 
tions. However, when describing the size and 
color differences between the four subspecies, 
we assumed that the ranges between the sub¬ 
species (Fig. 1) did not overlap. This assump¬ 
tion enabled us to analyze the validity of the 
four subspecies based on our new data set of 
morphological and color variables. If strong 
differences between the subspecies had been 
found (which is not the case), one could argue 
that those differences would have been less 
likely if the range overlaps were appreciable. 

The particular pattern of variation in size 
and coloration may also be attributed to the 
degree of genetic differentiation within this 
species. When compared to other members of 
the same family, Barrowclough and Corbin 
(1978) noticed that the Northern Waterthrush 
was genetically more heterogeneous than 14 
other parulid species. A more detailed genetic 
analysis of populations and a study of winter 
distribution patterns compared to breeding 
distribution could help in further evaluating 
the validity of subspecies in the Northern Wa¬ 
terthrush. 
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